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ABSTRACT
H a b i t a t  s e l e c t i o n  i s  d e s c r i b e d ,  f ro m  a n  e x p e r i m e n t a l  s t u d y ,  
f o r  t h e  j u v e n i l e  s t a g e s  o f  s i x  s p e c i e s  o f  s c i a e n i d s  fo u n d  i n  t h e  
lo w e r  York R i v e r ,  V i r g i n i a : L e io s to m u s  x a n t h u r u s , s p o t ;  C y n o sc io n
n e b u l o s u s , s p o t t e d  s e a t r o u t ;  B a i r d i e l l a  c h r y s u r a , s i l v e r  p e r c h ;  
C y n o sc io n  r e g a l i s , w e a k f i s h ;  M e n t i c i r r h u s  s a x a t i l i s , n o r t h e r n  
k i n g f i s h ; ' and  M icropogon  u n d u l a t u s , A t l a n t i c  c r o a k e r .  C h o ic e s  of 
s u b s t r a t e  c o l o r  and  t y p e ,  v e g e t a t i o n  and  w a t e r  d e p th  w e re  o f f e r e d  
t o  t h e  t e s t  a n i m a l s ,  i n t e r s p e c i f i c  d i f f e r e n c e s  o r  i n t r a s p e c i f i c  
s i z e  d i f f e r e n c e s  w ere  exam ined  w i t h  r e s p e c t  t o  h a b i t a t  s e l e c t i o n ,  
and  c i r c a d i a n  a c t i v i t y  p a t t e r n s .
R e s u l t s  w ere  e v a l u a t e d  i n  a  3n f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  
d e s i g n .  W ate r  d e p th  was t h e  m o s t  s i g n i f i c a n t  e n v i r o n m e n ta l  p a r a ­
m e te r  o f  t h e  f o u r  t e s t e d  i n  h a b i t a t  s e l e c t i o n  f o r  a l l  s i x  s p e c i e s .  
S u b s t r a t e  ty p e  was t h e  s e c o n d  m o s t  i m p o r t a n t  f a c t o r  b u t  v e g e t a t i o n  
and c o l o r  w ere  o f  l i t t l e  i f  a n y  im p o r ta n c e  i n  h a b i t a t  s e l e c t i o n .
A t a p p r o x i m a te ly  70 mm T .L . m o s t  o f  t h e  j u v e n i l e s  t e s t e d  o c c u p ie d  
t h e  same b a t h y m e t r i c  p o s i t i o n  r e l a t i v e  t o  e a c h  o t h e r  a s  t h e  a d u l t s  
(W elsh and  B r e d e r ,  1 9 2 3 ) .
D i e l  a c t i v i t y  p a t t e r n s  o f  a l l  s p e c i e s  a p p e a r e d  t o  h a v e  no 
c o r r e l a t i o n  w i th  a n y  d e f i n i t e  c i r c a d i a n  c y c l e .
AN EXPERIMENTAL STUDY OF HABITAT .SELECTION BY 
JUVENILES OF SIX SPECIES OF SCIAENIDS FOUND IN 
THE LOWER YORK RIVER, VIRGINIA
INTRODUCTION
A nim als  a r e  known t o  a c t i v e l y  s e l e c t  h a b i t a t s  by r e s p o n d in g  
t o  s p e c i f i c  c u e s  f ro m  t h e  e n v i r o n m e n t  ( K l o p f e r  an d  H a i lm a n ,  1965 ; 
S a l e ,  1 9 6 8 ; 1 9 6 9 ;  1 9 7 1 ;  and  Meadows and C a m p b e l l ,  1 9 7 2 ) .  A n im als  
i n  a r e l a t i v e l y  p o o r  e n v i r o n m e n t  e x h i b i t  h i g h  l e v e l s  o f  e x p l o r a t o r y  
b e h a v i o r  w h i l e  a n im a l s  i n  a more s u i t a b l e  e n v i r o n m e n t  show r e d u c e d  
l e v e l s  o f  e x p l o r a t i o n  b e c a u s e  t h e  i n t e n s i t y  o f  f e e d b a c k  i n  t h e  
a d e q u a t e  e n v i r o n m e n t  w i l l  l o w e r  o r  p e r h a p s  e l i m i n a t e  a p p e t i t i v e  
e x p l o r a t i o n  ( S a l e ,  1968 and  1 9 6 9 ) .  The h i g h  l e v e l  o f  e x p l o r a t i o n  
p e r m i t t e d  by t h e  r e l a t i v e l y  low i n t e n s i t y  o f  f e e d b a c k  i n  a n  i n ­
a d e q u a t e  e n v i r o n m e n t  r e s u l t s  i n  h a b i t a t  s e l e c t i o n .  T h is  h y p o t h e s i s  
p r e s u p p o s e s  t h e  a b i l i t y  o f  t h e  o rg a n is m  t o  " r e c o g n i z e ” i t s  optim um  
h a b i t a t ,  w h ich  A n d e rso n  (1 9 7 4 )  a t t r i b u t e d  t o  a  c o m b in a t io n  o f  
g e n o ty p e  and e n v i r o n m e n ta l  c o n t i n g e n c i e s  t o  w h ich  t h e  g e n o ty p e  
h a d  b e e n  e x p o s e d .
The r o l e  o f  l e a r n i n g  i n  h a b i t a t  s e l e c t i o n  h a s  b e e n  t e s t e d  
o n l y  o c c a s i o n a l l y  and  t h e  r e s u l t s  a r e  c o n f l i c t i n g .  W eik e r  (1 9 6 3 )  
and  K l o p f e r  (1 9 6 3 )  fo u n d  l e a r n i n g  t o  be o f  l i t t l e  im p o r ta n c e  i n  
h a b i t a t  s e l e c t i o n  w i th  d e e r m ic e  and  b i r d s  r e s p e c t i v e l y .  H ow ever, 
S a l e  (1 9 7 1 )  fo u n d  p r e f e r e n c e s  by j u v e n i l e  D a s c y l l u s  a r u a n u s  f o r  
c e r t a i n  t y p e s  o f  c o r a l  t o  be d e v e lo p e d  t h r o u g h  a s s o c i a t i o n  r a t h e r  
t h a n  p r e d e t e r m i n e d  g e n e t i c a l l y .  F o l i a g e  p r e f e r e n c e s  o f  s e v e r a l  
s p e c i e s  o f  t r o p i c a l  b i r d s  a r e  a l s o  d e v e lo p e d  t h r o u g h  a s s o c i a t i o n  
( K l o p f e r ,  1 9 6 5 ;  1 9 6 7 ) .
2
3My p r im a r y  o b j e c t i v e s  w ere  t o  d e t e r m in e  t h e  p r e f e r e n c e s  o f  
t h e  young o f  s i x  s c i a e n i d  f i s h e s  f o r  s u b s t r a t e  c o l o r  a n d  t e x t u r e ,  
v e g e t a t i o n  t y p e  and  w a t e r  d e p t h . S e c o n d a ry  o b j e c t i v e s  w ere  t o  
d e t e r m in e  i f  h a b i t a t  s e l e c t i o n  w i t h i n  s p e c i e s  d i f f e r s  w i th  a g e  
( L i n d r o t h ,  1 9 5 3 )  and  t o  d e t e r m in e  i f  a c t i v i t y  o f  t h e s e  s p e c i e s  
was p r i m a r i l y  n o c t u r n a l  o r  d i u r n a l .
The s p e c i e s  t e s t e d  w e r e :  L e io s to m u s  x a n t h u r u s  L a c e p e d e ,  s p o t ;
C y n o sc io n  n e b u lo s u s  ( C u v i e r ) ,  s p o t t e d  s e a t r o u t ;  B a r i d i e l l a  c h r y s u r a  
( L a c e p e d e ) ,  s i l v e r  p e r c h ;  C y n o s c io n  r e g a l i s  (B lo ch  and S c h n e i d e r ) ,  
w e a k f i s h ;  M e n t i c i r r h u s  s a x a t i l i s  (B lo c h  and S c h n e i d e r ) ,  n o r t h e r n  
k i n g f i s h ;  and  M icro p o g o n  u n d u l a t u s  ( L i n n a e u s ) ,  A t l a n t i c  c r o a k e r .
MATERIALS AND METHODS
I n d i v i d u a l s  o f  s i x  s p e c i e s  o f  s c i a e n i d s  w e re  c o l l e c t e d  f ro m  
t h e  York R iv e r  and  t h e  n e i g h b o r i n g  Ware R i v e r ,  V i r g i n i a .  C o l l e c t ­
i o n s  w ere  made w i t h  e i t h e r  a 3 0 .5  m (100 f t . )  b e a c h  s e i n e  o r  a 
9 .1  m (30  f t . )  o t t e r  t r a w l .  S a l i n i t y  an d  t e m p e r a t u r e  w ere  r e c o r d e d  
w i t h  e ach  c o l l e c t i o n .  The f i s h  w e re  t r a n s f e r e d  t o  t h e  l a b o r a t o r y  
i n  s ty r o f o a m  c o n t a i n e r s  a e r a t e d  by  a s m a l l ,  b a t t e r y  o p e r a t e d  pump.
The a p p r o x im a te  d a t e  and  c o l l e c t i o n  l o c a l e  f o r  e a c h  s p e c i e s  
w e r e :  L e io s to m u s , J u l y  1 5 - 2 0 ,  Y ork  R i v e r ;  C . n e b u l o s u s , J u l y  28-
A u g u s t  1 ,  Ware R i v e r ;  B a i r d i e l l a , A u g u s t  1 8 - 2 1 ,  York R i v e r ;  C . 
r e g a l i s , S e p te m b e r  1 5 - 2 1 ,  York R i v e r ;  M e n t i c i r r h u s , S e p te m b e r  
2 3 - 2 8 ,  York R i v e r ;  M ic ro p o g o n ,  O c to b e r  1 5 - 2 3 ,  November 1 2 - 2 7 ,  York 
R iv e r  ( F i g .  1 ) .
A p p r o x im a te ly  20 h e a l t h y  f i s h  o f  e a c h  s p e c i e s ,  o f  t h e  d e s i r e d  
s i z e  ( ~ 70 mm T . L . )  w ere  c o l l e c t e d .  T e s t  a n im a l s  w ere  k e p t  i n  a 
1 ,0 6 0  l i t e r  c i r c u l a r ,  f i b e r g l a s s  h o l d i n g  t a n k  w i th  a  g r a v e l  f i l t e r  
and  a c c l i m a t e d  f o r  s e v e r a l  d a y s  b e f o r e  b e in g  t e s t e d .  W a te r  tem p­
e r a t u r e  was a l lo w e d  t o  f l u c u a t e  w i th  t h e  a i r .  t e m p e r a t u r e  and  t h e  
s a l i n i t y  was a d j u s t e d ,  w i th  a r t i f i c i a l  s e a  s a l t s ,  t o  t h a t  o f  t h e  
w a t e r  w here  t h e  m a j o r i t y  o f  t h e  t e s t  i n d i v i d u a l s  o f  e a c h  s p e c i e s  
was c a p t u r e d .  The h o l d i n g  t a n k  and  e x p e r i m e n t a l  t a n k s  w ere  i n  
t h e  same room . T h is  room was m a i n t a i n e d  on a n o rm a l  d a y l i g h t  
s c h e d u l e  and  was e x p o s e d  t o  'bo th  a r t i f i c i a l  and  n a t u r a l  l i g h t i n g .
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F ig u r e  i York R iv e r  and  M objack  Bay s y s te m s  sh o w in g  t h e  c o l l e c t i o n  
a r e a s  o f  t h e  s i x  s p e c i e s  o f  s c i a e n i d s  u s e d  i n  t h i s  
i n v e s t i g a t i o n .  C_._ n e b u lo s u s  was c o l l e c t e d  f ro m  t h e  
Ware R iv e r  and  t h e  o t h e r  f i v e  s p e c i e s  w ere  c o l l e c t e d  
f ro m  t h e  York R i v e r  ( h a t c h e d  a r e a ) .
S
Ma
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6Red l i g h t  was u se d  e x c l u s i v e l y  f o r  n i g h t  o b s e r v a t i o n  p e r i o d s .
A c o m p l e t e l y  ra n d o m iz e d  ( o n e - w a y ) ,  f i x e d  e f f e c t s ,  3n f a c t ­
o r i a l  a n a l y s i s  o f  v a r i a n c e  d e s i g n  w i th  f o u r  r e p l i c a t i o n s  was u s e d .  
The 3n i m p l i e s  3 l e v e l s  o f  n f a c t o r s  ( S o k a l  and  R o h l f , 1 9 6 9 ) .
T h ree  c o n c u r r e n t  t e s t s  w ere  c o n d u c te d  f o r  e a c h  s p e c i e s  i n  s e p a r a t e  
t e s t  t a n k s :  s u b s t r a t e  c o l o r  and  t e x t u r e  and  w a t e r  d e p t h  p r e f e r e n c e .
A t e s t  f o r  v e g e t a t i o n  p r e f e r e n c e  was c o n d u c te d  f o r  n e b u l o s u s ,
C. r e g a l i s , B a i r d i e l l a  and  M e n t i c i r r h u s  a f t e r  t h e  a b o v e  t e s t s  w ere  
c o m p le te d .  Two s i z e s  (30  mm and  70 mm) o f  M icro p o g o n  w ere  t e s t e d  
f o r  d i f f e r e n c e s  i n  h a b i t a t  p r e f e r e n c e  f o r  d e p th  and  s u b s t r a t e  
c o l o r  and  t e x t u r e .
F o u r  d e p th  g r a d i e n t  ch am b ers  ( a f t e r  S a l e ,  1 9 6 8 )  120x50x60  cm 
( F i g .  2 )  w ere  b u i l t  o f  f i b e r g l a s s  w i th  a c l e a r  p l e x i g l a s s  f r o n t .
A f a l s e  b o t to m  was c o n s t r u c t e d  f ro m  f i b e r g l a s s e d  plyw ood t o  p ro d u c e  
a t h r e e - s t e p  d e p th  g r a d i e n t  w i th  e q u a l  a r e a s  o f  s u b s t r a t e  a v a i l a b l e  
a t  d e p t h s  o f  2 0 ,  4 0 ,  and  60 cm. S t r i p s  o f  b l a c k  t a p e  on t h e  w a l l  
o f  t h e  t a n k  d i v i d e d  i t  i n t o  s i x  e q u a l  volum e r e g i o n s . The w h i t e  
f i b e r g l a s s  w a l l s  w ere  m a n u a l ly  k e p t  f r e e  o f  a l g a e  and a e r a t i o n  
was p r o v id e d  by a  s i n g l e  l a r g e  a i r  s t o n e .  P r e l i m i n a r y  o b s e r v a t i o n s  
i n d i c a t e d  t h a t  t h e  p o s i t i o n  o f  t h e  a i r  s t o n e  d i d  n o t  a f f e c t  t h e  
b e h a v i o r  o f  t h e  f i s h .
The f o u r  s u b s t r a t e  p r e f e r e n c e  t a n k s  ( F i g .  3 )  w ere  30 g a l l o n  
g l a s s  a q u a r i a  (75x30x45  cm) w i th  t h e  w a t e r  d e p th  i n  e a c h  m a in t a in e d  
a t  30 cm. S t r i p s  o f  b l a c k  t a p e  on t h e  b a c k  d i v i d e d  t h e  t a n k  i n t o  
f o u r  e q u a l  a r e a s .  F o u r  s u b s t r a t e s ,  s a n d ,  p e b b l e s ,  o y s t e r  s h e l l s  
and  mud, w ere  p l a c e d  i n  s h a l l o w  c o n t a i n e r s  c o n s t r u c t e d  f ro m
F ig u r e  2 D iagram  o f  a d e p t h  g r a d i e n t  t a n k .  The s i x  d e p t h  r e g i o n s  
i n  t h e  t a n k  a r e  shown i n  t h e  f r o n t  v ie w .  M easu rem en ts  
a r e  i n  cm.
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F ig u r e  3 D iagram  o f  a  s u b s t r a t e  t a n k  and  s u b s t r a t e  c o n t a i n e r .  
The f o u r  r e g i o n s  i n  t h e  t a n k  a r e  show n. M easu rem en ts  
a r e  i n  cm.
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9f i b e r g l a s s e d  plyw ood b o t to m s  and  t h i n  a lum inum  s i d e s  ( F i g .  3 ) .
Sand s u b s t r a t e  was com posed p r i m a r i l y  o f  c o a r s e  s a n d ,  and  mud 
s u b s t r a t e  m a in ly  o f  f i n e  s a n d  w i th  some s i l t s  and  c l a y s  ( T a b le  1 ) .  
P e b b le s  r a n g e d  f ro m  10 t o  20 mm i n  d i a m e t e r .
Mud and  san d  s u b s t r a t e s  w e re  c o l l e c t e d  f ro m  t h e  Y ork R iv e r  
b e f o r e  e a c h  s e r i e s  o f  e x p e r i m e n t s .  O y s t e r  s h e l l  a n d  p e b b l e  s u b ­
s t r a t e s  w ere  k e p t  i n  a s e p a r a t e  t a n k  b e tw e e n  e x p e r i m e n t s .  Each 
s u b s t r a t e  o c c u p ie d  a  d i f f e r e n t  p o s i t i o n  i n  e a c h  t a n k  and  a e r a t i o n  
was p r o v id e d  by  a  s i n g l e  a i r  s t o n e .  T h is  p o s i t i o n  and  a e r a t i o n  
d e s i g n  was a l s o  u s e d  i n  t h e  c o l o r  and  v e g e t a t i o n  t e s t s .
The f o u r  v e g e t a t i o n  p r e f e r e n c e  t a n k s  w ere  s i m i l a r  i n  d e s i g n  
and  f a b r i c a t i o n  t o  t h e  s u b s t r a t e  t a n k s .  V e g e t a t i o n  t y p e s  t e s t e d  
w e r e :  Z o s t e r a  m a r i n a , e e l g r a s s ;  R u p p ia  m a r i t i m a , w id g eo n  g r a s s ;
f l g a r d h i e l l a  t e n e r a , r e d  a l g a ;  and  b a r e  s u b s t r a t e .  V e g e t a t i o n  was 
p l a c e d  on a s u b s t r a t u m  o f  f r e s h l y  c o l l e c t e d  s a n d  o v e r l a i n  w i th  a 
t h i n  l a y e r  o f  m ud.
The f o u r  c o l o r  p r e f e r e n c e  t a n k s  w ere  s i m i l a r  i n  d e s i g n  and  
f a b r i c a t i o n  t o  t h e  s u b s t r a t e  t a n k s .  C o lo r s  u s e d  w e re  r e d ,  b l a c k ,  
w h i t e  and  g r e e n .  C o lo re d  p a p e r  was e n c a s e d  i n  p l a s t i c  and  i n s e r t e d  
u n d e r  t h e  c l e a r  g l a s s  b o t to m  o f  t h e  t a n k s .
W ate r  f ro m  t h e  h o l d i n g  t a n k  was p l a c e d  i n  a l l  t e s t  cham bers  
e x c e p t  t h e  d e p th  p r e f e r e n c e  t a n k s  w h ich  w e r e , f i l l e d  w i th  nnewTt 
s e a - s a l t  a d j u s t e d  w a t e r  a p p r o x i m a t i n g  t h e  s a l i n i t y  i n  t h e  h o ld in g ,  
t a n k .  T e m p e ra tu re  i n  t h e  t e s t  t a n k s  was a l l o w e d  t o  f l u c t u a t e  w i t h  
t h e  a i r  t e m p e r a t u r e  and  was r e c o r d e d  a f t e r  e a c h  s e r i e s  o f  e x p e r i ­
m e n t s .  S a l i n i t y  was m e a su re d  a t  t h e  b e g in n in g  o f  e a c h  s e r i e s  o f
T a b le  1 .  P a r t i c l e  s i z e  c o m p o s i t i o n  o f  mud and  s a n d  s u b s t r a t e s .
jfl(mm) ______________________ mud(/Q_____________  sa n d  ( % )
4+ 1 1  14
2 9 20
1 11 34
.5 8 18
.25  26 9
.125 21 5
.0 6 3  6 0
< .0 6 3  8  0__
1 0 0  100
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e x p e r im e n t s  by a n  i n d u c t i o n  s a l i n o m e t e r  and  pH was c h e c k e d  i n t e r ­
m i t t e n t l y .  F i s h  i n  t h e  h o l d i n g  t a n k  w ere  f e d  A r te m ia  s a l i n a  n a u p l i i  
d a i l y  b u t  t h e r e  was no  f e e d i n g  i n  t h e  e x p e r i m e n t a l  t a n k s .
A s i n g l e  f i s h  was t e s t e d  i n  e a c h  t a n k  t o  a s s u r e  t h a t  t h e  
p o s i t i o n  i t  o c c u p ie d  was n o t  i n f l u e n c e d  by t h e  p r e s e n c e  o f  o t h e r  
f i s h .  C a rd b o a rd  was p l a c e d  on t h e  b a c k  and  s i d e s  o f  e a c h  t a n k  t o  
v i s u a l l y  i s o l a t e  e a c h  t e s t  f i s h  f ro m  f i s h  i n  n e i g h b o r i n g  t a n k s .
P r e f e r e n c e s  w e re  d e t e r m in e d  f ro m  o b s e r v a t i o n s  made d u r in g  
f o u r  o b s e r v a t i o n  p e r i o d s  o f  15 m in u te s  d u r a t i o n  (dawn,, n o o n ,  d u s k  
and  m i d n i g h t ) .  One f i s h  was p l a c e d  i n  e a c h  t e s t  t a n k  and  o b s e r ­
v a t i o n s  b e g a n  a t  dawn t h e  f o l l o w i n g  d a y .  The o b s e r v e r  w a tc h e d  
two t a n k s  a t  a  t im e  an d  r e c o r d e d  t h e  t im e  s p e n t  by  e a c h  f i s h  o v e r  
e a c h  s u b s t r a t e .  H e ig h t  o f  t h e  f i s h  ab o v e  t h e  s u b s t r a t e  was n o t  
s u b j e c t e d  t o  a n a l y s i s  a l t h o u g h  r e l a t i v e  d i s t a n c e  t r e n d s  w ere  r e ­
c o r d e d .  S e v e r a l  m in u te s  w ere  a l l o w e d ,  a f t e r  t h e  o b s e r v e r  assum ed 
h i s  p o s i t i o n ,  b e f o r e  h e  b e g a n  r e c o r d i n g .  The f i s h  d i d  n o t  a p p e a r  
a f f e c t e d  by  t h e  o b s e r v e r  a s  l o n g  a s  no su d d e n  moves w ere  m ade.
A t t h e  end o f  t h e  d a y  t h e  l e n g t h  o f  e a c h  f i s h  was m easu red  and  
t h e  f i s h  p l a c e d  i n t o  a  s e p a r a t e  t a n k  f o r  a  tw e lv e  h o u r  p o s t -  
e x p e r i m e n t a l  p e r i o d  and  t h e n  d i s c a r d e d .
A l l  f i s h  u se d  w ere  r a n d o m ly  c h o s e n  f ro m  t h e  s t o c k  i n  t h e  
h o l d i n g  t a n k .  F i s h  w ith- o b v io u s  a n o m a l i e s  w ere  n o t  u s e d .  I f  a 
f i s h  d i e d  d u r in g  a n  e x p e r i m e n t  o r  w i t h i n  t h e  tw e lv e  h o u r  p e r i o d  
f o l l o w i n g  t h e  e x p e r i m e n t ,  d a t a  f o r  t h a t  f i s h  w ere  d i s c a r d e d  and 
t h e  p r o c e d u r e  r e p e a t e d  w i th  a n o t h e r  f i s h .  The l e n g t h  o f  t im e  a 
f i s h  o c c u p ie d  e a c h  t r e a t m e n t '  s p a c e  was r e c o r d e d  i n  s e c o n d s .
12
The p l o t t e d  d a t a  assum ed  a  c l a s s i c  n e g a t i v e  b i n o m i a l  d i s t r i b u t i o n  
e x c e p t  f o r . a  s m a l l  s e c o n d  mode a ro u n d  t h e  15 m in u te  c u t o f f  p o i n t .
T h is  s e c o n d  mode a p p e a r s  t o  be a n  a r t i f a c t  o f  t h e  c h o s e n  o b s e r v a t i o n  
i n t e r v a l  and  w i th  a n  i n f i n i t e  o b s e r v a t i o n  p e r i o d  w ould  p r e s u m a b ly  
d i s a p p e a r .  T h e r e f o r e  t h e  d a t a  w ere  r e g a r d e d  a s  h a v in g  a  n e g a t i v e  
b i n o m i a l  d i s t r i b u t i o n  and w ere  s u b j e c t e d  t o  a  lo g  (x + 1 )  t r a n s f o r ­
m a t io n  ( x = t i m e ) .  However i t  m u s t  be  k e p t  i n  mind t h a t  o b s e r v a t i o n s  
c o n c e r n in g  d a t a  com posing  t h e  s e c o n d  mode m u st  be v iew ed  c a u t i o u s l y .  
F a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  was r u n  on a n  IBM 360 c o m p u te r  
u s in g  a  BMD f a c t o r i a l  p ro g ram  (num ber 02V) and  s i g n i f i c a n t  r e s u l t s  
w ere  s u b j e c t e d  t o  t h e  S tu d en t-N e w m an -K u e ls  m u l t i p l e  r a n g e  t e s t  
o .0 5 )  t o  d i s t i n g u i s h  s i g n i f i c a n t  mean d i f f e r e n c e s .  F a c t o r i a l  
a n a l y s i s  a l lo w e d  e x a m in a t io n  o f  t h e  m ain  e f f e c t s  f o r  e a c h  s e r i e s  
o f  t e s t s  ( s p e c i e s ;  d e p t h ,  s u b s t r a t e  c o l o r  and  t e x t u r e ,  o r  v e g e t a t i o n ;  
and t im e  o f  d a y )  and  a l s o  t h e i r  i n t e r a c t i o n s .
RESULTS
T e m p e ra tu re  and  s a l i n i t y  v a l u e s  w ere  c o n s t a n t  f o r  e a c h  s p e c i e s  
t e s t e d  b u t  d i f f e r e d  b e tw e e n  s p e c i e s  (A p p e n d ix :  T a b le  1 ) .  Tem pera­
t u r e  v a r i a t i o n s  o v e r  t h e  t w e n t y - f o u r  h o u r  t e s t  p e r i o d  w ere  n o t  
c o n s i d e r e d  s i g n i f i c a n t .
S p e c i e s ,  c o l o r  and  t im e  o f  d a y  t e s t s  showed t h a t  c o l o r  p r e ­
f e r e n c e  was s i g n i f i c a n t  o n l y  a t  t h e  s p e c ie s , ,  l e v e l  of t h e  f a c t o r i a l  
( T a b le  2 ) .  T h is  i n d i c a t e s  i n h e r e n t  d i f f e r e n c e s  i n  a c t i v i t y  b e tw e e n  
s p e c i e s  a s  d e l i n e a t e d  by  a  S tu d e n t-N e w m a n -K u e ls  t e s t  o f  d i f f e r e n c e  
among means ( T a b le  3 ) .  The f i s h e s  r e a c t e d  s i m i l a r l y  t o  t h e  c o l o r s  
t e s t e d  h o w e v e r .  T h e re  w ere  no s i g n i f i c a n t  i n t e r a c t i o n s  among 
s p e c i e s  x c o l o r  (SxC, F i g .  4 ) .  A l l  s p e c i e s  t e n d e d  t o  f a v o r  b l a c k  
e x c e p t  B a i r d l e l l a  w h ich  f a v o r e d  w h i t e  ( F i g .  4 ) .  A l s o ,  no s i g n i f i ­
c a n t  d i f f e r e n c e  e x i s t e d  i n  t h e  s e c o n d  o r d e r  i n t e r a c t i o n ,  s p e c i e s  x 
c o l o r  x t im e  o f  d a y  (SxCxT, F i g .  5 ) .  S m a l l  d i f f e r e n c e s  w ere  
p r e s e n t  i n  a l l  t h e  s e c o n d  o r d e r  i n t e r a c t i o n s  h e r e i n  r e p o r t e d  b u t  
no o b v io u s  t r e n d s  w ere  n o t e d .
S p e c i e s ,  s u b s t r a t e  and t im e  o f  d a y  t e s t s  showed s u b s t r a t e  
p r e f e r e n c e  was s i g n i f i c a n t  o n ly  a t  t h e  f i r s t  o r d e r  i n t e r a c t i o n  
o f  s p e c i e s  x s u b s t r a t e  (S x S u , T a b le  4 ) .  F i r s t ,  e x a m in in g  e a c h  
s p e c i e s  f o r  i t s  s u b s t r a t e  p r e f e r e n c e ,  t h e  s i g n i f i c a n t  d i f f e r e n c e s  
a r e  d e l i n e a t e d  by  a  S tu d e n t-N e w m a n -K u e ls  t e s t  o f  d i f f e r e n c e  among 
means ( T a b le  5 ) .  B a i r d i e l l a  e x h i b i t e d  a s i g n i f i c a n t l y  g r e a t e r  
p r e f e r e n c e  f o r  p e b b le s  t h a n  f o r  mud; M e n t i c l r r h u s  p r e f e r r e d  mud
13
T a b le  2 .  A n a l y s i s  o f  v a r i a n c e  f o r  s p e c i e s ,  c o l o r ,  and  t im e  o f
d a y  d a t a  o f  s i x  s p e c i e s  o f  s c i a e n i d s  a t  f o u r  o b s e r v a t i o n  
p e r i o d s  *
S o u rc e  of 
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S p e c ie s  (S ) 5 2 9 .4 2 5 .8 8 4 .9 8 * *
C o lo r  (C) 3 4 . 5 1 1 .5 0 1 .2 7
Time o f  Day (T ) 3 5 .0 1 1 .6 9 1 . 4 4
S x C 15 1 7 .9 0 1 .1 9 1 .0 1
S x T 15 1 6 .6 3 1 .1 0 0 .9 4
T x C 9 7 .2 0 0 .8 0 0 .6 8
T x S x C 45 2 9 .6 6 0 .6 6 0 .5 6
E r r o r 288 3 3 8 .7 9 1 .1 8
T o t a l 383 4 4 9 .1 9
** S i g n i f i c a n c e  i n d i c a t e d  when **=0.01.
14
T a b le  3 :  R e s u l t s  o f  S tu d en t-N e w m an -K u e ls  t e s t  f o r  c o m p a r i s o n  o f
means an d  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  s p e n t  
o v e r  c o l o r s  f o r  e a c h  s p e c i e s .  (Any tw o s p e c i e s  n o t  
s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  )
 S p e c i e s _____________________________________  R e l a t i v e  Time*
L e io s to m u s  
M e n t i c i r r h u s  
C. r e g a l i s  
M ic ro p o g o n  
B a i r d i e l l a  
C . n e b u lo s u s
* lo g 10 ( s e c o n d s  + 1 )
1 .9 5
1 .9 3
1 .7 7
1 .3 8
1 .3 5
1 .3 0
15
F ig u r e  4 Mean t im e  s p e n t  o v e r  each  c o l o r  by each  s p e c i e s  d u r in g
f o u r  o b s e r v a t io n  p e r io d s  ( p l o t t e d  a s  lo g ^ g  (x + 1 )  s e c o n d s ) .
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F ig u r e  5 Mean t im e  s p e n t  o v e r  each  c o l o r  by each  s p e c i e s  d u r in g
each  o f  f o u r  o b s e r v a t io n  p e r i o d s . ( p l o t t e d  a s  logj_o ( * +l )
s e c o n d s ) .
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T able  4 .  A n a ly s i s  o f  v a r ia n c e  f o r  s p e c i e s ,  s u b s t r a t e  and t im e
of d a y  d a t a  o f  s i x  s p e c i e s  o f  s c i a e n i d s  a t  f o u r  o b s e r ­
v a t i o n  p e r i o d s .
S o u rc e  o f  
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S p e c ie s  (S ) 5 8 .9 2 1 .7 8 1 .3 5
S u b s t r a t e  (S u ) 3 6 .7 8 2 .2 6 1 . 7 1
Time o f  Day (T ) 3 4 .7 6 1 .5 9 1 . 2 0
S x Su 15 6 9 .0 6 4 .6 0 3 .4 8 * *
S x T 15 1 4 .4 2 0 .9 6 0 .7 3
T x Su 9 4 .5 1 0 .5 0 0 .3 8
T x  S x Su 45 3 1 .2 7 0 .6 9 0 .5 2
E r r o r 288 3 8 1 .6 0 1 .3 2
T o t a l 383 5 2 1 .3 1
* * S i g n i f i c a n c e  i n d i c a t e d  w h e n . 01.
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t o  o y s t e r  s h e l l s ; and  M ic ro p o g o n  c h o s e  s a n d  i n  p r e f e r e n c e  t o  mud 
( F i g .  6 ) .  C o n s i d e r i n g  a l l  s p e c i e s  t o g e t h e r ,  t h e  o n ly  s i g n i f i c a n t  
d i f f e r e n c e  c o n c e r n e d  t h e  mud s u b s t r a t e .  M e n t i c i r r h u s  h a d  s i g n i f i ­
c a n t l y  g r e a t e r  p r e f e r e n c e  f o r  t h i s  s u b s t r a t e  t h a n  e i t h e r  B a i r d i e l l a  
o r  M ic ro p o g o n . A l th o u g h  d i f f e r e n c e s  w ere  n o t  s i g n i f i c a n t  a t  t h e  
0 .0 5  l e v e l ,  B a i r d i e l l a  t e n d e d  t o  f a v o r  a  ro u g h  b o t to m  ( p e b b l e s  and  
o y s t e r  s h e l l s )  t o  a  sm ooth  one ( s a n d  a n d .m u d )  w h i l e  M e n t i c i r r h u s  
t e n d e d  t o  f a v o r  sm ooth  o v e r  ro u g h  ( F i g .  6 ) .
The f i r s t  o r d e r  i n t e r a c t i o n  o f  s p e c i e s  x t im e  o f  d a y  (SxT) 
was n o t  s i g n i f i c a n t ,  n o r  was t h e  se c o n d  o r d e r  i n t e r a c t i o n  o f  s p e c i e s  
x s u b s t r a t e  X t im e  o f  d a y  (SxSuxT ; F i g .  7 ) .
S p e c i e s ,  v e g e t a t i o n  a n d  t im e  o f  d a y  t e s t s  r e v e a l e d  s i g n i f i ­
c a n t  d i f f e r e n c e s  i n  t h e  s p e c i e s  m a in  e f f e c t  and  t h e  f i r s t  o r d e r  
i n t e r a c t i o n  o f  s p e c i e s  x v e g e t a t i o n  ( T a b le  6 ) .  The S t u d e n t -  
Newman-Kuels t e s t  i n d i c a t e d  no  s i g n i f i c a n t  d i f f e r e n c e s  w i t h i n  
i n d i v i d u a l ' s p e c i e s  a s  t o  v e g e t a t i o n  p r e f e r e n c e  ( T a b le  7 ) .  H ow ever, 
M e n t i c i r r h u s  showed a  s i g n i f i c a n t l y  g r e a t e r  p r e f e r e n c e  f o r  Z o s t e r a  
t h a n  d i d  B a i r d i e l l a  ( F i g .  8 ) .  A l th o u g h  n o t  s i g n i f i c a n t  a t  t h e  
0 .0 5  l e v e l  Cj_ n e b u lo s u s  a n d  B a i r d i e l l a  t e n d e d  t o  f a v o r  A g a r d h i e l l a  
w h i l e  CK r e g a l i s  and  M e n t i c i r r h u s  f a v o r e d  R u p p i a .
. S p e c i e s ,  d e p th  and  t im e  o f  d a y  t e s t s  showed a  s i g n i f i c a n t  
d i f f e r e n c e  i n  a l l  t h e  m ain  e f f e c t s  ( T a b le  8 ) .
S p e c i e s  x d e p th  (SxD) was t h e  o n l y  s i g n i f i c a n t  f i r s t  o r d e r  
i n t e r a c t i o n .  S tu d e n t-N e w m a n -K u e ls  t e s t  d i s c l o s e d  many d i f f e r e n c e s  
i n  t h e  i n d i v i d u a l  s p e c i e s  p r e f e r e n c e s  f o r  d e p t h s  ( T a b le  9 ) .
l e i o s t o m u s p r e f e r r e d  t h e  d e e p e s t  l e v e l  (D3 ) o v e r  a l l  t h e  
s h a l l o w e s t  a r e a s  (Dg, D4  and  D g ) ,  and  a l s o  p r e f e r r e d  t h e  n e x t
T a b le  5 : R e s u l t s  o f  S tu d en t-N e w m an -K u e ls  t e s t  f  o r  c o m p a r iso n
o f  means a n d  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  
s p e n t  o v e r  e a c h  s u b s t r a t e  f o r  e a c h  s p e c i e s ,  (Any tw o 
means n o t  s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  
d i f f e r e n t ) .
S p e c i e s  x S u b s t r a t e ____________________ _____  R e l a t i v e  t im e *
M e n t i c i r r h u s mud — 2 .3 9
B a i r d i e l l a p e b b le s 2 .2 3
M icropogon sa n d 2  . 1 2 .
C. n e b u lo s u s mud 1 .9 9
C. n e b u lo s u s p e b b le s 1 .9 4
C. n e b u lo s u s o y s t e r  s h e l l s 1 .8 4
C . r e g a l i s s a n d 1 .8 0
M icropogon p e b b le s 1 .8 0
L e io s to m u s mud 1 .7 7
L e io s to m u s o y s t e r  s h e l l s 1 .6 0
M e n t i c i r r h u s sa n d 1 .6 0
C. r e g a l i s p e b b le s 1 . 5 4
C. n e b u lo s u s sa n d 1 .4 6
C. r e g a l i s mud 1 . 4 4
L e io s to m u s sa n d 1 .2 5
B a i r d i e l l a o y s t e r  s h e l l s 1 . 2 4
B a i r d i e l l a sa n d 1 .0 7
L e io s to m u s p e b b le s 1 .0 5
M icropogon o y s t e r  s h e l l s 1 .0 5
C . r e g a l i s o y s t e r  s h e l l s 1 . 0 0
M e n t i c i r r h u s p e b b le s 0 .9 2
M icropogon mud 0 .8 7
M e n t i c i r r h u s o y s t e r  s h e l l s 0 .7 7
B a i r d i e l l a mud 0 .7 7
* lo g jQ  ( s e c o n d s  + 1 )
20
F ig u r e  6 Mean t im e  s p e n t  o v e r  a l l  s u b s t r a t e s  f o r  each  s p e c i e s
d u r in g  f o u r  o b s e r v a t io n  p e r io d s  ( p l o t t e d  a s  log-^Q
(x + 1 )  s e c o n d s ) .
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F ig u r e  7 Mean t im e s p e n t  o v e r  a l l  s u b s t r a t e s  by each  s p e c i e s
d u r in g  each  o f  f o u r  o b s e r v a t io n  p e r io d s  ( p l o t t e d  as
lo g iO  (x + 1 )  s e c o n d s ) .
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Table 6 .  A n a ly s i s  o f  v a r ia n c e  f o r  v e g e t a t i o n ,  s p e c i e s  and t im e
o f  d a y  d a t a  o f  f o u r  s p e c i e s  o f  s c i a e n i d s  a t  f o u r  o b s e r ­
v a t i o n  p e r i o d s .
S o u rc e  of 
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S p e c ie s  (S ) 3 1 3 .9 9 4 .6 7 4 .1 7 * *
V e g e t a t i o n  (V) 3 6 .3 1 2 . 1 0 1 . 8 8
Time o f  Day (T ) 3 3 .2 1 1 .0 7 0 .9 6
S x V 9 2 3 .6 3 2 .6 2 2 .3 4 *
S x T 9 1 0 . 6 8 1 .1 8 1 .0 5
T x V ' 9 6 .0 5 0 .6 7 0 .6 0
T x S x V 27 3 0 .0 1 1 . 1 1 0 .9 9
E r r o r 192 2 1 4 .9 8 1 . 1 2
T o t a l 255 3 0 8 .8 7 7; 1. .
* S i g n i f i c a n c e  i n d i c a t e d  when *<=0.05.
** S i g n i f i c a n c e  i n d i c a t e d  when •< = 0 .0 1 .
Table 7 :  R e s u l t s  o f  Student-N ew m an-K uels t e s t  f o r  com p arison  o f
means and  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  s p e n t  
o v e r  e a c h  v e g e t a t i o n  f o r  e a c h  s p e c i e s .  (Any two means
n o t  s c o r e d  b y  t h e  same l i n e  
S p e c i e s  x V e g e t a t i o n
a r e  s i g n i f i c a n t l y  d i f f e r e n  
R e l a t i v e  t im e *
C. n e b u lo s u s A g a r d h i e l l a 2 . 1 2
M e n t i c i r r h u s R u p p ia 2 . 1 0
M e n t i c i r r h u s Z o s t e r a 1 .9 8
C. r e g a l i s R u p p ia 1 .9 1
B a i r d i e l l a A g a r d h i e l l a 1 .9 0
C. r e g a l i s A g a r d h i e l l a 1 . 8 1
C . r e g a l i s Z o s t e r a 1 .7 8
C . r e g a l i s b a r e 1 .7 0
M e n t i c i r r h u s b a r e 1 .6 7
B a i r d i e l l a b a r e 1 .6 7
M e n t i c i r r h u s A g a r d h i e l l a 1 .5 9
C . n e b u lo s u s Z o s t e r a 1 .3 2
C. n e b u lo s u s b a r e 1 . 2 2
C. n e b u lo s u s R u p p ia 1 . 2 2
B a i r d i e l l a R u p p ia
imo*>
0 .9 0
B a i r d i e l l a Z o s t e r a -  0 .6 4
*log^Q  ( s e c o n d s + 1 )
24
F ig u r e  8 Mean t im e  s p e n t  o v e r  a l l  v e g e t a t i o n  t y p e s  f o r  each
s p e c i e s  d u r in g  f o u r  o b s e r v a t io n  -p er io d s  ( p l o t t e d  a s
lo g iO  (x + 1 )  s e c o n d s ) .
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T a b le  8 . A n a l y s i s  o f  v a r i a n c e  f o r  s p e c i e s ,  d e p t h  an d  t im e  o f  d a y  
d a t a  o f  s i x  s p e c i e s  o f  s c i a e n i d s  a t  f o u r  o b s e r v a t i o n  
p e r i o d s .
S o u rc e  of 
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S p e c ie s  (S ) 5 3 9 .7 1 7 .9 4 1 1 .1 8 * *
D ep th  (D ) 5 2 6 1 .1 9 5 2 .2 4 7 3 .5 8 * *
Time o f  Day (T ) 3 6 .3 3 2 . 1 1 2 .9 7 *
S x D 25 8 9 .6 8 3 .5 9 5 .0 6 * *
S x T 15 1 2 .5 7 0 .8 4 1 .1 8
T x D 15 9 .2 5 0 .6 2 0 .8 7
T x S x D 75 4 5 .1 5 0 .6 0 0 .8 4
E r r o r 432 3 0 6 .1 9 0 .7 1
T o t a l 575 7 7 0 .0 7
* S i g n i f i c a n c e  i n d i c a t e d  when * * = 0  .05 .
** S i g n i f i c a n c e  i n d i c a t e d  when *<=0 . 0 1 .
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d e e p e s t  l e v e l  o v e r  s u b s t r a t e  (D2 ) t o  t h e  s h a l l o w e r  a r e a s  (D j a n d  
D4 ; F i g .  9 ) .  i h i s  i n d i c a t e s  a  p r e f e r e n c e  f o r  a  r e l a t i v e l y  d e e p  
b e n t h i c  h a b i t a t .
C y n o s c io n  n e b u lo s u s  p r e f e r r e d  t h e  d e e p e s t  l e v e l  (D3 ) t o  a  
s h a l l o w e r  l e v e l  (D4 ) w i th  no s i g n i f i c a n t  p r e f e r e n c e s  f o r  t h e  o t h e r  
d e p t h s  (Di> D2 , D5  and  Dg; F i g .  9 ) .  L e v e l  D4  was t h e  o n l y  l e v e l  
w i t h o u t  a n y  c o r n e r s .  The f i s h  e i t h e r  moved v e r t i c a l l y  i n  t h e  
w a t e r  co lum n (D3  i n t o  D5  and  Dg) o r  moved d i a g o n a l l y  s t a y i n g  c l o s e  
t o  t h e  s u b s t r a t e  (D 3  i n t o  D2  and  D i ) .  U s in g  o n l y  t h e s e  p a t h s ,
C . n e b u lo s u s  a v o id e d  l e v e l  D4 .
B a i r d i e l l a  p r e f e r r e d  l e v e l s  Dg, D5  and  D3  o v e r  d e p t h s  Dq_, D2  
and  D4 . T h is  s p e c i e s  s t a y e d  i n  t h e  d e e p e s t  co lum n o f  w a t e r ,  
r a n g in g  v e r t i c a l l y  w i t h  l i t t l e  s id e w a r d  m ovem ent.
C y n o s c io n  r e g a l i s  p r e f e r r e d  t h e  d e e p e s t  l e v e l  (D3 ) and  t h e  
n e x t  d e e p e s t  (D5 ) o v e r  t h e  s h a l l o w e r  a r e a s  ( D i ,  D2 , F 4  an d  Dg;
F i g .  9 ) .  T h is  shows a p r e f e r e n c e  f o r  mid and  d e e p  w a t e r s ,  b u t  
no c l o s e  a s s o c i a t i o n  t o  t h e  b o t to m .
M e n t i c i r r h u s  a n d , M ic ro p o g o n  c h o s e  t h e  d e e p e s t  l e v e l  (D3 ) o v e r  
a l l  o t h e r  d e p t h s .
The s e c o n d  o r d e r  i n t e r a c t i o n  o f  s p e c i e s  x d e p t h  x t im e  o f  
d a y  (SxDxT) was n o t  s i g n i f i c a n t  ( F i g .  1 0 ) .
A l l  o f  t h e  s p e c i e s  t e s t e d  f a v o r e d  t h e  d e e p e s t  l e v e l  (D3 ) 
e x c e p t  B a i r d i e l l a  w h ich  f a v o r e d  t h e  s h a l l o w e r  (Dg) l e v e l  ( F i g .  9 ) .
SIZE DIFFERENCES IN MICROPOGON
S i z e ,  c o l o r  and t im e  o f  d a y  t e s t s  o f  M ic ro p o g o n  showed no 
s i g n i f i c a n t  d i f f e r e n c e s  a t  30 mm and 70 mm T .L .  i n  c o l o r  p r e f e r e n c e
T a b le  9 :  R e s u l t s  o f  S tu d e n t-N e w m a n -K u e ls  t e s t  f o r  c o m p a r i s o n  o f
means and  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  s p e n t
o v e r  e a c h  d e p t h  f o r  e a c h  s p e c i e s .  (Any tw o m eans n o t  
s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t ) .
S p e c i e s  x D ep th  R e l a t i v e  t im e *
M icro p o g o n d 3 2 .9 0
C. r e g a l i s D3 2 .7 4M e n t i c i r r h u s d 3 2 . 7 1
C. N e b u lo su s D3 2 .2 8
L e io s to m u s D3 2 .2 5
B a i r d i e l l a D5 2 . 0 4
B a i r d i e l l a Ds - 1 . 7 7
L e io s to m u s D2 1 .7 5
B a i r d i e l l a D3 1 .7 4
C. r e g a l i s D5 1 .7 2
C. n e b u lo s u s D 6 1 . 6 6 '
L e io s to m u s £*5 1 .6 0
C. n e b u lo s u s I>5 1 . 5 7
C. n e b u lo s u s D l -  1 .4 5
C. n e b u lo s u s Do 1 . 1 2
B a i r d i e l l a d 2 0 .8 2
B a i r d i e l l a
D 1
0 .8 0
L e io s to m u s d 6 0 .7 5
M e n t i c i r r h u s D5 0 .7 2
M e n t i c i r r h u s Do J 0 .7 0
L e io s to m u s D 4  J 0 .5 8
M icro p o g o n D5 0 .5 8B a i r d i e l l a d 4 0 .5 6
C. r e g a l i s d 6 0 .5 5
C. r e g a l i s d 2 0 .5 5
C. n e b u lo s u s d 4 0 .5 3
L e io s to m u s D l 0 .4 6
M e n t i c i r r h u s d 4 0 .4 3
M e n t i c i r r h u s D 6 0 .4 2
C. r e g a l i s
D 1
0 .3 2
C. r e g a l i s d 4 0 . 2 1
M icropogon Dg 0 .1 9
M e n t i c i r r h u s D l 0 .1 6
M icropogon % 0 .1 4
M icropogon. D l 0 . 1 2
M icropogon d 4 0 . 1 0
*logj_Q ( s e c o n d s  + 1 )
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F ig u r e  9 Mean t im e  s p e n t  i n  a l l  d e p th s  f o r  each  s p e c i e s  d u r in g
fo u r  o b s e r v a t io n  p e r io d s  ( p l o t t e d  as i-OSf^Q (x + 1 )
seco n d s  ) .
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F i g u r e  1 0 .  Mean t im e  s p e n t  i n  e a c h  d e p t h  by a l l  s p e c i e s  d u r i n g  
f o u r  o b s e r v a t i o n  p e r i o d s  ( p l o t t e d  a s  lo g ^ g  (x + 1 ) 
s e c o n d s ) .
30
CVJ
O
m
o
or*-
o
inin
o
CM
oo
o
<M
O
ro
o
Li­
eu
o
mCD
o
Cvi
CD
ro
O
r
o
ro
to
O
CM*
O  O
ro
SQNO03S o l9 0 “l
CM
Li-
UJ
Q
O
CQ
a ii ii
<  CO o
Le
io
st
om
us
 
xo
nt
hu
ru
s 
D 
= 
Cy
no
sc
io
n 
re
go
ii
s
Cy
no
sc
io
n 
ne
bu
lo
su
s 
E=
 
M
en
tic
ir
rh
us
 
sa
xa
ti
li
s
Ba
ird
ie
lla
 
cr
ys
ur
a 
F 
-M
ic
ro
po
go
n 
un
du
la
fu
s
31
( T a b le  1 0 ;  F i g .  1 1 )  and  n e i t h e r  s i z e  h a d  a  p r e f e r e n c e  f o r  a n y  
one  c o l o r  ( F i g .  1 2 ) .  The s e c o n d  o r d e r  i n t e r a c t i o n  ( s i z e  x  c o l o r  x 
t im e  o f  d a y ;  SxCxT) was n o t  s i g n i f i c a n t  ( F i g .  1 1 ) .
S i z e ,  s u b s t r a t e  and  t im e  o f  d a y  t e s t s  showed s i g n i f i c a n t  
d i f f e r e n c e s  a t  t h e  m ain  e f f e c t s  l e v e l  f o r  s u b s t r a t e  p r e f e r e n c e  
and  f o r  t h e  f i r s t  o r d e r  i n t e r a c t i o n  o f  s p e c i e s  x s u b s t r a t e  (S x S u ; 
T a b le  1 1 ) .
L a r g e r  M ic ro p o g o n  p r e f e r r e d  s a n d  t o  mud and  o y s t e r  s h e l l s  
w h i l e  t h e  s m a l l e r  p r e f e r r e d  mud t o  o y s t e r  s h e l l s  ( T a b le  1 2 ;  F i g .  1 3 ) .  
A n a l y s i s  by i n d i v i d u a l  s u b s t r a t e s  y e i l d e d  mud p r e f e r e n c e  a s  t h e  
o n l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h a t  s m a l l  M ic ro p o g o n  p r e f e r r e d  
mud s i g n i f i c a n t l y  m ore t h a n  d i d  t h e  l a r g e  s i z e  ( F i g .  1 4 ) .  I t  
a p p e a r s  t h a t  b o th  s i z e s  a v o id  o y s t e r  s h e l l s  t o  a n  e q u a l  d e g r e e .
The se c o n d  o r d e r  i n t e r a c t i o n  ( s i z e  x s u b s t r a t e  x  t im e  o f  d a y ;  
SxSuxT) was n o t  s i g n i f i c a n t  ( T a b le  1 1 ) .
S i z e ,  d e p t h  and  t im e  o f  d a y  t e s t s  showed s i g n i f i c a n t  d i f f e r ­
e n c e s  f o r  d e p t h s  e x i s t e d  a t  a l l  l e v e l s  e x c e p t  t h e  s e c o n d  o r d e r  
i n t e r a c t i o n  ( s i z e  x d e p t h  x  t im e  o f  d a y ;  SxDxT; T a b le  1 3 ) .
S i g n i f i c a n t  d i f f e r e n c e s  i n  m ain  e f f e c t s  w ere  fo u n d  f o r  s i z e ;  d e p t h ;  
and  t im e  o f  d a y  ( T a b le  1 3 ) .  The s i g n i f i c a n t  f i r s t  o r d e r  i n t e r a c t i o n ,  
s i z e  x d e p th  (SxD) was a n a l y z e d  by  t h e  S tu d en t-N e w m an -K u e ls  t e s t  
( T a b le  1 4 ) .  M ic ro p o g o n  o f  t h e  l a r g e r  g r o u p  p r e f e r r e d  t h e  d e e p e s t  
(D3 ) o v e r  a l l  o t h e r s  ( F i g .  1 5 ) ;  w h i l e  M ic ro p o g o n  o f  t h e  s m a l l e r  
g ro u p  p r e f e r r e d  D5  and  D§ t o  a  s i g n i f i c a n t l y  g r e a t e r  d e g r e e  t h a n  
d id  t h e  l a r g e r  g ro u p  ( F i g .  1 6 ) .  T h is  s u g g e s t s  a  s t r o n g e r  a v o id a n c e  
o f  s h a l l o w e r  d e p t h s  by l a r g e -  M ic ro p o g o n  t h a n  by s m a l l .
T a b le  1 0 .  A n a l y s i s  o f  v a r i a n c e  f o r  s i z e ,  c o l o r  and  t im e  o f  d a y  
d a t a  o f  tw o s i z e s  o f  M ic ro p o g o n  a t  f o u r  o b s e r v a t i o n  
p e r i o d s .
S o u rc e  o f  
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S iz e  ( S ) 1 0 .5 0 0 .5 0 0 .3 2
C o lo r  (C) 3 3 .5 7 1 .1 9 0 .7 7
Time o f  Day (T ) 3 3 .4 4 1 . 1 4 0 .7 5
S x C 3 4 .8 4 1 .6 1 1 .0 5
S x. T 3 1 .7 2 0 .5 7 0 .3 7
T x  C 9 1 1 . 2 2 1 .2 4 0 .8 1
T x S x C 9 3 .1 9 0 .3 5 0 .2 3
E r r o r 96 1 4 7 .6 4 1 . 5 4
T o t a l 127 1 7 6 .1 1
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F i g u r e  1 1 a . Mean t im e  s p e n t  o v e r  e a c h  c o l o r  f o r  e a c h  s i z e  o f
M ic ro p o g o n  d u r i n g  e a c h  o f  f o u r  o b s e r v a t i o n  p e r i o d s  
( p l o t t e d  a s  lo g .^  (x+ 1 ) s e c o n d s ) .
b .  Mean t im e  s p e n t  o v e r  a l l  c o l o r s  by  e a c h  s i z e  o f
M ic ro p o g o n  d u r i n g  f o u r  o b s e r v a t i o n  p e r i o d s  ( p l o t t e d  
a s  l o g 1 0  (x+ 1 ) s e c o n d s ) .
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F i g u r e  1 2 .  Mean t im e  s p e n t  by  b o th  s i z e s  o f  M ic ro p o g o n  o v e r  e a c h
c o l o r  d u r i n g  f o u r  o b s e r v a t i o n  p e r i o d s  ( p l o t t e d  a s  log-^g 
(x+ 1 ) s e c o n d s ) .
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RED
B L A C K
_  W H I T E
1.64 1.67
_  GREEN
-
1.68 — 1.73
- 1.20
.
-
70 mm 30 70mm
T able 1 1 . A n a ly s is  o f  v a r ia n c e  f o r  s i z e ,  s u b s t r a t e  and tim e o f
d a y  d a t a  o f  two s i z e s  o f  M icro p o g o n  a t  f o u r  o b s e r v a t i o n  
p e r i o d s .
S o u rc e  o f  
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S i z e  ( S ) 1 0 .6 4 0 .6 4 0 .5 8
S u b s t r a t e  (S u ) 3 2 1 .6 4 7 .2 1 6 .4 5 * *
Time o f  Day (T ) 3 3 .3 4 1 . 1 1 0 .9 9
S x Su 3 1 0 .2 8 3 .4 3 3 .0 7 *
S x T 3 8 .1 6 2 .7 2 2 .4 3
T x Su 9 3 .4 5 0 .3 8 0 .3 4
T x S x Su 9 2 . 8 8 0 .3 2 0 .2 9
E r r o r 96 1 0 7 .3 2 1 . 1 2
T o t a l 127 1 5 7 .7 2
* S i g n i f i c a n c e  i n d i c a t e d  when *^=0 .05 .
** S i g n i f i c a n c e  i n d i c a t e d  when *1=0.01.
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F ig u r e  1 3 a . Mean tim e s p e n t  o v e r  each  s u b s t r a t e  f o r  each  s i z e  o f
M icropogon d u r in g  each  o f fo u r  o b s e r v a t io n  p e r io d s
( p lo t t e d  a s log^Q ( x+l )  s e c o n d s ) .
b .  Mean t im e  s p e n t  o v e r  a l l  s u b s t r a t e s  by  e a c h  s i z e  o f  
M ic ro p o g o n  d u r i n g  f o u r  o b s e r v a t i o n  p e r i o d s  ( p l o t t e d  
a s  ( x +1) s e c o n d s ) .
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F i g u r e  1 4 .  Mean t im e  s p e n t  by b o th  s i z e s  o f  M ic ro p o g o n  o v e r  e a c h  
s u b s t r a t e  d u r i n g  f o u r  o b s e r v a t i o n  p e r i o d s . ( p l o t t e d  a s
1 ° ^ 1 0  s e c o n d s )*
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PEBBLES
OYSTER SHELLS
_ 1.050 .79
30 70mm.
T able 1 2 :  R e s u lts  o f  Student-N ew m an-K uels t e s t  f o r  com p arison
o f  means and s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  
s p e n t  o v e r  e a c h  s u b s t r a t e  f o r  e a c h  s i z e .  (Any two 
means n o t  s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  
d i f f e r e n t ) .
S i z e s  x S u b s t r a t e  _______  Rel a t i v e  Time*
l a r g e  
s m a l l  
s m a l l  
l a r g e  
s m a l l  
l a r g e  
s m a l l  
l a r g e
* log^Q  ( s e c o n d s  + 1 )
sa n d
mud
sa n d
p e b b le s
p e b b le s
o y s t e r  s h e l l s
o y s t e r  s h e l l s
mud
2 . 1 2
1 .9 9
1 .9 3
1 .7 9
1 .7 0
1 .0 5
0 .8 7
0 .7 9
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T a b le  1 3 .  A n a l y s i s  o f  v a r i a n c e  f o r  s i z e ,  d e p t h  an d  t im e  o f  d a y  
d a t a  o f  two s i z e s  of M ic ro p o g o n  a t  f o u r  o b s e r v a t i o n  
p e r i o d s . ~
S o u rc e  o f  
V a r i a t i o n d f s s ms
C r i t i c a l
R a t i o
S i z e  (S ) 1 1 2 .6 5 1 2 .6 5 3 0 .0 2 * *
D ep th  (D ) 5 1 4 8 .6 0 2 9 .7 2 7 0 .5 0 * *
Time of Day (T ) 3 9 .2 7 .3 .0 9 7 .3 3 * *
S x D 5 7 .7 4 1 .5 5 3 .6 7 * *
S x T 3 8 .3 7 2 .7 9 6 .6 2 * *
T x D 15 1 1 .7 5 0 .7 8 1 . 8 6 *
T x S x D 15 8 .2 6 0 .5 5 1 .3 1
E r r o r 144 6 0 .7 0 0 .4 2
T o t a l 191 2 6 7 .3 3
* S i g n i f i c a n c e  i n d i c a t e d  when **=0 .05  .
** S i g n i f  i c a n c e  i n d i c a t e d  when •< = 0 .01 .
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40
S i g n i f i c a n t  d i f f e r e n c e s  w ere  p r e s e n t  i n  t h e  f i r s t  o r d e r  i n t e r ­
a c t i o n  o f  d e p th  x t im e  o f  d a y  (DxT) and  s i z e  x t im e  o f  d a y  (SxT;
T a b le  1 3 ) .  The S tu d e n t-N e w m a n -K u e ls  t e s t  o f  t h e  s i z e  x  t im e  o f  
d a y  i n t e r a c t i o n  r e v e a l e d  t h e  i n t e r a c t i o n  o f  s m a l l  x  n i g h t  a s  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  o f  l a r g e  x daw n , i n d i c a t i n g ,  
p e r h a p s ,  a  c h a n g e  i n  a c t i v i t y  w i th  d i f f e r e n t  s i z e s  a t  c e r t a i n  
t im e s  o f  d ay  i n  r e s p e c t  t o  d e p t h  ( T a b le  1 5 ) .  The same t e s t ,  a p p l i e d  
t o  t h e  i n t e r a c t i o n  o f  t im e  o f  d a y  x  d e p t h  (TxD) showed t h a t  
M ic ro p o g o n  may a l t e r  t h e i r  d e p t h  p r e f e r e n c e  b e h a v i o r  a s  l i g h t  
p e n e t r a t i o n  t o  t h e  d i f f e r e n t  d e p t h s  c h a n g e s  w i t h  t im e  o f  d a y  ( T a b le  1 6 ) .
T able 1 4 :  R e s u lts  o f  Student-N ew m an-K ueIs t e s t  f o r  com p arison  o f
means and  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  s p e n t  
o v e r  e a c h  d e p th  f o r  e a c h  s i z e .  (Any two means n o t  
s c o r e d  by t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t ) .
S i z e s D ep th R e l a t i v e  t i m e :
l a r g e D3
s m a l l d 3
s m a l l D5
s m a l l
s m a l l * > 1
s m a l l d 2
l a r g e %
s m a l l d 4
l a r g e d 2
l a r g e D 6
l a r g e
l a r g e d 4
*l o 9 l 0 ( s e c o n d s  + ;
2 .9 0
2 .7 0
1 .6 5
0 .9 9
0 . 6 8
0 .6 0
0 .5 8
0 .4 8
0 .1 9
0 .1 4
0 . 1 2
0.10
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F i g u r e  1 5 a .  Mean t im e  s p e n t  a t  a l l  d e p t h s  . f o r  e a c h  s i z e  o f
M ic ro p o g o n  d u r i n g  e a c h  o f  f o u r  o b s e r v a t i o n  p e r i o d s  
( p l o t t e d  a s  (x+ 1 ) s e c o n d s ) .
b .  Mean t im e  s p e n t  a t  a l l  d e p t h s  by  e a c h  s i z e  o f
M ic ro p o g o n  d u r i n g  f o u r  o b s e r v a t i o n  p e r i o d s  ( p l o t t e d  
a s  lo g ^ g  (x+ 1 ) s e c o n d s ) .
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F ig u r e  1 6 . Mean tim e s p e n t  by each  s i z e  o f M icropogon a t  each
d ep th  d u r in g  fo u r  o b s e r v a t io n  p e r io d s  ( p lo t t e d  as
lo g 1Q (x + 1 )  s e c o n d s ) .
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T ab le 1 5 : R e s u lt s  o f  Student-N ew m an-K uels t e s t  f o r  com p arison  o f
means and  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  s p e n t  a t  
d i f f e r e n t  d e p t h s  ( a c t i v i t y  m e a s u re )  f o r  e a c h  s i z e  a t  
e a c h  t im e  o f  d a y  o b s e r v e d .  _.(Any tw o means n o t  s c o r e d
by t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t ) .
S i z e s  x Time o f  d a y ______________________________R e l a t i v e  Time *
s m a l l  m i d n i g h t 1 .7 6
s m a l l  e v e n in g 1 .3 4
l a r g e  noon 1 . 2 0
s m a l l  dawn 0 .9 7
l a r g e  e v e n in g 0 .8 5
s m a l l  noon 0 .6 7
l a r g e  m i d n i g h t 0 .6 3
l a r g e  dawn 0 .4 9
* lo g iQ  ( s e c o n d s  + 1 )
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T able 16 : R e s u lt s  o f  Student-N ew m an-K uels t e s t  f o r  co m p a riso n  o f
means and  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean t im e  s p e n t  
a t  e a c h  d e p t h  o v e r  b o th  s i z e s  a t  e a c h  t im e  o f  d a y  o b ­
s e r v e d .  (Any tw o means n o t  s c o r e d  by  t h e  same l i n e  
a r e  s i g n i f i c a n t l y  d i f f e r e n t ) .
Time o f  d a y  x D ep th R e l a t i v e  t im e *
noon D3
dawn
e v e n in g D3m id n ig h t D3e v e n in g d 5m id n i g h t d 2
noon DSe v e n in g
d 6
m id n ig h t D5m i d n ig h t » 1
m i d n ig h t ° 6dawn d 5m id n i g h t d 4
e v e n in g D l
e v e n in g d 4
e v e n in g d 2
dawn
D 6dawn D l
dawn d 4
dawn d 2
m id n ig h t
D 1m id n ig h t d 2
m id n i g h t d 4
m id n i g h t ... ............Dfi.
2 .9 2
2 .8 7
2 .7 7
2 .6 5
1 .3 8
1 . 2 1
1.21
1 .1 8
1 .0 7
0 .8 7
0 .7 9
0 .7 9
0 .5 6
0 .4 7
0 .3 9
0 .3 8
0 .2 8
0 .2 5
0 . 2 1
0 . 0 0
0.00
0 . 0 0
0 . 0 0
0 . 0 0
:logjLQ ( s e c o n d s  + 1 )
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DISCUSSION
C o lo r
The s p e c i e s  t e s t e d  d i d  n o t  c h o s e  t o  r e m a in  i n  one a r e a  on 
t h e  b a s i s  o f  s u b s t r a t e  c o l o r  a l o n e .  S i m i l a r l y ,  S a l e  (1 9 6 8 )  fo u n d  
c o l o r  o f  t h e  s u b s t r a t e  o f  l i t t l e  im p o r ta n c e  i n  h a b i t a t  s e l e c t i o n  
by  j u v e n i l e  m a n in i  ( A c a n th u ru s  t r i o s t e g u s  s a n d v i c e n s i s ) b o th  i n  
t h e  w i ld  and i n  l a b o r a t o r y  e x p e r i m e n t s .
C o lo r  p r e f e r e n c e  i n  t h e  f i s h e s  may be a  l e a r n e d  r e s p o n s e  o r  
t h e  s e l e c t i o n  m echanism  may n o t  be f u l l y  d e v e lo p e d  i n  y o u n g - o f -  
t h e - y e a r  f i s h .  A d u l t  brown ( Salmo t r u t t a ) and  ra in b o w  t r o u t  
(Salm o g a i r d n e r i ) h a v e  t h e  a b i l i t y  t o  d i s t i n g u i s h  b e tw e e n  b l a c k  
and  w h i t e  b a c k g ro u n d s  ( R i t t e r  and  MacCrimmon, 1 9 7 3 )  b u t  young- 
o f - t h e - y e a r  ra in b o w  t r o u t  l a c k  t h i s  a b i l i t y  (Kwain and MacCrimmon, 
1 9 6 7 ) .  M e n t i c i r r h u s , a t  l e a s t ,  seem t o  make t h e  d i s t i n c t i o n  b e t ­
ween w h i t e  and  b l a c k  i n  t h a t  t h e y  u s u a l l y  swim a l o n g  t h e  b l a c k  
t a p e  b o r d e r  i n  t h e  d e p t h  t a n k  r a t h e r  t h a n  a g a i n s t  t h e  w h i t e  b a c k ­
g ro u n d  .
S u b s t r a t e
The r o l e  o f  s u b s t r a t e  a s  a cue  i n  h a b i t a t  s e l e c t i o n  i s  
u n r e s o l v e d .  C e r t a i n  s p e c i e s  i n  t h i s  s t u d y  showed a s u b s t r a t e  
p r e f e r e n c e  w h e re a s  o t h e r s  d id  n o t .  S a l e  (1 9 6 8 )  a s s i g n e d  l i t t l e  
o r  no im p o r ta n c e  t o  t e x t u r e  o f  t h e  s u b s t r a t e  i n  h a b i t a t  s e l e c t i o n  
by  t h e  j u v e n i l e  m a n in i  i n  e i t h e r  t h e  l a b o r a t o r y  o r  w i l d ;  b u t  t h e i r  
d i s t r i b u t i o n  i n  a q u a r i a  was c o r r e l a t e d  w i th  t h e  p r e s e n c e  of
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s u b s t r a t e ,  c o v e r  and f o o d .  W ooly s c u l p i n  ( C l i n o c o t t u s  a n a l i s  ) 
p r e f e r  d a r k ,  d e n s l y  m a t t e d  p l a n t  s u b s t r a t e  o r  f r e e  s p a c e s  b e tw e e n  
r o c k s  o v e r  low  o r  f l a t  s u b s t r a t e  ( M o l l i c k ,  1 9 6 8 ) .
B a i r d i e l l a  p r e f e r r e d  p e b b l e s  t o  mud. T h is  s p e c i e s  i s  d e s ­
c r i b e d  a s  a  " p e l a g i c ,  f r e e  r a n g i n g  f i s h "  (W elsh  and  B r e d e r ,  1 9 2 3 )  
w hich  w ould n o t  n o r m a l l y  be  a s s o c i a t e d  w i th  a n y  b o t to m  s u b s t r a t e .
I t s  a s s o c i a t i o n  a s  h e r e i n  shown may be due  t o  i t s  f e e d i n g  h a b i t s  
i n  t h a t  i t  f e e d s  m a in ly  on e p i f a u n a l  c r u s t a c e a n s  an d  p o l y c h a e t e s  
(W elsh and  B r e d e r ,  1 9 2 3 ;  H i l d e b r a n d  and  C a b le ,  1 9 3 0 ;  S p r i n g e r  and 
W oodburn, 1 9 6 0 ;  R o b in s  an d  T abb , 1 9 6 5 ;  Thomas, 1 9 7 1 ;  and C a r r  and 
Adams, 1 9 7 3 ) .
M e n t i c i r r h u s  c h o s e  mud t o  o y s t e r  s h e l l s  a s  w ould  be e x p e c t e d  
s i n c e  t h e y  f e e d  i n  t h e  b o t to m  (W elsh  and  B r e d e r ,  1 9 2 3 )  p r i m a r i l y  
on i n f a u n a l  c r u s t a c e a n s  and  p o l y c h a e t e s  (W elsh and  B r e d e r ,  ± 9 2 3 ;  
B ig low  and  S c h r o e d e r ,  1 9 5 3 ;  S p r i n g e r  an d  W oodburn, 1 9 6 0 ;  I r w i n ,  
1 9 7 1 ) .  T h e i r  c h o i c e  o f  sm oo th  s u b s t r a t e s  o v e r  ro u g h  ones  s u p p o r t s  
p r e v i o u s  o b s e r v a t i o n s  i n  p a r t  s i n c e  a d u l t s  o f  t h i s  s p e c i e s  p r e f e r  
" h a rd  s a n d y  b o t to m s "  (W elsh  an d  B r e d e r ,  1 9 2 3 ;  B ig low  and S c h r o e d e r ,  
1 9 5 3 ) .
The p r e f e r e n c e  o f  M ic ro p o g o n  f o r  s a n d  t o  mud d o e s  n o t  a g r e e  
w i th  e x i s t i n g  l i t e r a t u r e .  B e a rd e n  (1 9 6 4 )  c o l l e c t e d  s m a l l  M ic ro p o g o n  
i n  S o u th  C a r o l i n a  m a in ly  o v e r  mud b o t to m s ,  a s  d id  H ansen  (1 9 6 9 )  
i n  F’l o r i d a  and  P a r k e r  (1 9 7 1 )  i n  Texas and  L o u i s i a n a .  S m a l l e r  
M icropogon  (30 mm) c h o s e  mud s u b s t r a t e  t o  a s i g n i f i c a n t l y  g r e a t e r  
e x t e n t  t h a n  d i d  t h e  70 mm f i s h .  The s e l e c t i o n  b e h a v i o r  o f  
M ic ro p o g o n  i n  t h i s  r e g i o n  may c h a n g e  w i th  s i z e  of f i s h  and  down­
r i v e r  movement ( B e a r d e n ,  1 9 6 4 )  f ro m  a mud p r e f e r e n c e  t o  a  m u d-sand
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o r  s a n d  p r e f e r e n c e .  A d u l t  M ic ro p o g o n  a r e  fo u n d  o v e r  a  v a r i e t y  
o f  b o t to m  t y p e s  and  a r e  m o s t  a b u n d a n t  o v e r  a  m ixed  mud a n d  sa n d  
b o t to m  ( B e a r d e n ,  1 9 6 4 ) .  However t h e s e  f i n d i n g s  may be  a n  a r t i f a c t  
o f  t h e  c o r r e l a t i o n  i n  n a t u r e  o f  mud b o t to m s  i n  d e e p e r  a r e a s .  T h u s , 
t h e  a n im a l s  m ig h t  be " t h i n k i n g "  d e e p  r a t h e r  t h a n  mud.
The a b s e n c e  o f  a  d e m o n s t r a b l e  p r e f e r e n c e  by  r e g a l i s , C . 
n e b u lo s u s  and  L e io s to m u s  f o r  s u b s t r a t e  t y p e  i n  t h i s  e x p e r im e n t  
d o e s  n o t  r u l e  o u t  a  s u b s t r a t e  p r e f e r e n c e  i n  t h e  w i l d .  S u b s t r a t e  
s e l e c t i o n  i n  n a t u r e  may i n v o l v e  m u l t i p l e  c u e s  t o  e l i c i t  a  p r e f e r ­
e n c e  r e s p o n s e  w h ich  w ere  n o t  p r e s e n t  i n  t h e s e  e x p e r i m e n t s .  
V e g e t a t i o n
T h a t  M e n t i c i r r h u s  f a v o r e d  Z o s t e r a  t o  a' s i g n i f i c a n t l y  g r e a t e r  
e x t e n t  t h a n  d i d  B a i r d i e l l a  a g r e e s  w i th  t h e  o b s e r v a t i o n  t h a t  
B a i r d i e l l a  showed a  d i s l i k e  f o r  v e g e t a t i o n  b e d s  a s  com pared  t o  
n o n - v e g e t a t e d  b o t to m s  (R o b in s  and  T ab b , 1 9 6 5 ) .
Lack  o f  p r e f e r e n c e  e x h i b i t e d  b y  t h e  o t h e r  s p e c i e s  i n  t h e s e  
e x p e r im e n t s  s u g g e s t s  t h a t  h a b i t a t  s e l e c t i o n  i s  n o t  made on t h e  
b a s i s  o f  v e g e t a t i o n  c u e s  a l o n e .
D ep th
R e l a t i v e  d e p t h  i s  t h e  p r im a r y  f a c t o r ,  a m o n g  t h o s e  t e s t e d ,  
i n  h a b i t a t  s e l e c t i o n  f o r  t h e  s i x  s p e c i e s  o f  s c i a e n i d s  s t u d i e d .  
H ow ever, S a l e  (1 9 6 8 )  r e p o r t e d  d e p th  t o  be o f  l e s s e r  im p o r t a n c e  
i n  h a b i t a t  s e l e c t i o n  b y  j u v e n i l e  m a n in i  i n  t h e  l a b o r a t o r y  t h a n  
e i t h e r  c o v e r  o r  f o o d .  H ow ever, i n  t h e  w i ld  t h e  t y p e  o f  h a b i t a t  
f o r  m a n in i  s lo w ly  d o e s  c h a n g e  r e l a t i v e  t o  w a t e r  d e p t h  a s  t h e  f i s h  
g ro w s .  Hobson (1 9 7 2 )  fo u n d  t h a t  t h e  d i s t a n c e  o f  i n d i v i d u a l  r e e f  
f i s h e s  f ro m  t h e  s u b s t r a t e  was r e l a t e d  t o  f i s h  s i z e ,  w i t h  t h e
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l a r g e r  i n d i v i d u a l s  swimming a t  h i g h e r  l e v e l s  i n  t h e  w a t e r  c o lu m n .
L e io s to m u s  i n d i c a t e d  a  p r e f e r e n c e  f o r  a  d e e p e r  (4 0 -6 0  cm) 
b e n t h i c  h a b i t a t .  Dawson (1 9 5 8 )  fo u n d  no c o n s i s t e n t  t r e n d s  i n  s i z e  
o r  a b u n d a n c e  a t  s h a l l o w  s t a t i o n s  a s  com pared  t o  d e e p  s t a t i o n s .
The p r im a r y  f o o d s  o f  young L e io s to m u s  a r e  s m a l l  c r u s t a c e a n s ,  
a n n e l i d s  and  d e t r i t u s  ( H i ld e b r a n d  an d  C a b l e ,  1 9 3 0 ;  R o e l o f s ,  1 9 5 4 ;  
Tow nsend, 1 9 5 6 ;  D aw son, 1 9 5 8 ;  and  Thomas, 1 9 7 1 ) .  The p r e s e n t  d a t a  
c o n f i r m  t h e  r e p o r t  o f  W elsh an d  B r e d e r  (1 9 2 3 )  t h a t  L e io s to m u s  i s  
i n t e r m e d i a t e  i n  r e s p e c t  t o  d e p t h  p r e f e r e n c e  b e tw e e n  t h e  b o t to m  
fo rm s  M icro p o g o n  and  M e n t i c i r r h u s  an d  t h e  m ore p e l a g i c  C y n o s c io n  
s p e c i e s .
C y n o s c io n  n e b u lo s u s  d e m o n s t r a t e d  t h e  m o s t  f r e e  r a n g i n g  h a b i t s  
i n  r e s p e c t  t o  d e p t h  i n  t h i s  s t u d y .  T h e i r  a v o id a n c e  o f  l e v e l  D4  
a p p e a r s  t o  be a n  a r t i f a c t  o f  t h e  e x p e r i m e n t a l  d e s i g n .  The n o rm a l  
h a b i t a t  o f  j u v e n i l e  Cj_ n e b u lo s u s  i n c l u d e s  b o th  t h e  d e e p  and s h a l l o w  
e s t u a r i n e  a r e a s  (T a b b ,  1 9 6 1 ) .  The d i e t  o f  young C^ n e b u lo s u s  i s  
m a in ly  s m a l l  s h r im p  and  o t h e r  s m a l l  c r u s t a c e a n s  ( P e a r s o n ,  1 9 2 8 ;  
H i ld e b r a n d  and  C a b l e ,  1 9 3 0 ;  Moody, 1 9 5 0 ;  K ilm a and  T abb , 1 9 6 1 ;
C a r r  and  M a m s ,  1973) '.  The d i e t  s u g g e s t s  a r a t h e r  f r e e  r a n g i n g  
p e l a g i c  mode o f  e x i s t e n c e .
B a i r d i e l l a  a r e  f r e e  r a n g i n g  i n  h a b i t a t  and  h a v e  a s l i g h t l y  
n a r r o w e r  r a n g e  i n  d e p th  t h a n  Cj_ n e b u lo s u s  i n  t h a t  t h e y  a v o id  
s h a l l o w  b e n t h i c  a r e a s .  T h is  a g r e e s  w i t h  R o b in s  and  Tabb (1 9 6 5 )  
who r e p o r t e d  p r e f e r e n c e s  o f  B a i r d i e l l a  f o r  c h a n n e l s  r a t h e r  t h a n  
s h a l l o w  w a t e r .  W elsh and  B r e d e r  (1 9 2 3 )  a l s o  d e s c r i b e d  i t  a s  a 
f r e e  r a n g i n g  f i s h .
C y n o s c io n  r e g a 3 . i s  a p p e a r  t o  be  mid t o  d e e p  w a t e r  f i s h ,  b u t
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a r e  n o t  a s  f r e e  r a n g i n g  i n  d e p t h  a s  e i t h e r  B a i r d i e l l a  o r  C . 
n e b u l o s u s . Thomas (1 9 7 1 )  fo u n d  C. r e g a l i s  j u v e n i l e s  t o  be m o s t  
a b u n d a n t  i n  d e e p  w a t e r  com pared  t o  i n t e r m e d i a t e  an d  s h a l l o w  a r e a s  
i n  t h e  D e la w a re  R i v e r  a s  d i d  Chao (1 9 7 3 )  i n  t h e  York R i v e r .  On 
t h e  o t h e r  h a n d ,  W elsh and  B r e d e r  (1 9 2 3 )  c o n s i d e r e d  Ch_ r e g a l i s  m ore 
f r e e  r a n g in g  i n  d e p th  t h a n  B a i r d i e l l a . P e a r s o n  (1 9 4 1 )  c o n s i d e r e d  
C . r e g a l i s  a s  a  s e m id e m e r s a l  s p e c i e s  and  e v e n  W elsh a n d  B r e d e r  (1 9 2 3 )  
c i t e d  i t s  a d u l t  h a b i t a t  a s  b e i n g  s l i g h t l y  b e lo w  m id w a te r  d e p t h s .
M icropogon  and  M e n t i c i r r h u s  p r e f e r  d e e p  b e n t h i c  a r e a s  and  
a r e  a d a p t e d  t o  a  b e n t h i c  mode o f  e x i s t e n c e  w i t h  t h e i r  s u b t e r m i n a l  
m ou ths  and m a n d ib u la r  b a r b e l s .  M ost i n v e s t i g a t o r s  a g r e e  t h a t  
young M ic ro p o g o n  a r e  m ore a b u n d a n t  i n  d e e p e r  c h a n n e l  w a t e r s  and  
se ld o m  move i n  c l o s e  t o  s h o r e  ( S u t t k u s ,  1 9 5 5 ;  H av en , 1 9 5 5 ;  B e a r d e n > 
1 9 6 4 )  b u t  l i t t l e  i s  known a b o u t  t h e  d i s t r i b u t i o n  o f  young 
M e n t i c i r r h u s . The d i f f e r e n c e s  i n  d e p th  p r e f e r e n c e  b e tw e e n  t h e  
two s i z e s  o f  M ic ro p o g o n  t e s t e d  s u g g e s t  a  p r e f e r e n c e  o f  t h e  s m a l l e r  
s i z e  (30  mm) f i s h  f o r  s h a l l o w e r  w a t e r  t h a n  t h e  l a r g e r  (70  mm) f i s h .
The d i f f e r e n c e s  i n  d e p t h  p r e f e r e n c e  among t h e  s i x  s p e c i e s  
o f  s c i a e n i d s  t e s t e d  a l l o w  c o n s t r u c t i o n  o f  a  b a t h y m e t r i c a l  d i s t r i ­
b u t i o n  m odel f o r  f i s h e s  o f  a p p r o x i m a t e l y  70 mm T . L . ,  a n a lo g o u s  
t o  t h a t  p ro p o s e d  f o r  a d u l t s  by  W elsh and B r e d e r  ( 1 9 2 3 ) .  M e n t i c i r r h u s  
and  M icropogon  p r e f e r  t h e  d e e p e s t  b e n t h i c  h a b i t a t ;  L e io s to m u s  
p r e f e r s  m id d le  t o  d e e p  b e n t h i c  a r e a s ;  Cv r e g a l i s  p r e f e r s  mid t o  
d e e p  w a t e r  h a b i t a t s ; B a i r d i e l l a  p r e f e r s  s h a l l o w  w a t e r  o v e r  d e e p  
w a t e r ;  an d  C_. n e b u lo s u s  h a s  t h e  w i d e s t  d e p th  r a n g e ,  m oving th ro u g h  
a l l  l e v e l s  w i th  a p p r o x i m a t e l y  e q u a l  f r e q u e n c y .  T h is  d i s t r i b u t i o n  
i s  s u b s t a n t i a t e d  by Chao (1 9 7 3 )  who p a r t i t i o n e d  f o o d  ty p e s  among
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f o u r  o f  t h e s e  s p e c i e s  b a s e d  on m o r p h o l o g i c a l  d i f f e r e n c e s  i n  m outh 
p o s i t i o n ,  d e n t i t i o n  and  r e l a t i v e  i n t e s t i n e  l e n g t h .  He fo u n d  C . 
r e g a l i s  was b e s t  a d a p te d  t o  f e e d  on e p i b e n t h i c  an d  p e l a g i c  p r e y ,  
B a i r d i e l l a  b e s t  a d a p te d  t o  f e e d  on e p i b e n t h i c  p r e y  and  L e io s to m u s  
and  M icropogon  b e s t  a d a p te d  t o  f e e d  on e p i b e n t h i c  and i n f a u n a l  
p r e y .  T h is  v e r t i c a l  d i s t r i b u t i o n  i s  f u r t h e r  s u b s t a n t i a t e d  by 
c o n s i d e r i n g  t h e  t e s t  s p e c i e s  a t  e a c h  d e p t h .  C y n o sc io n  n e b u lo s u s  
p r e f e r r e d  t h e  s h a l l o w  b e n t h i c  a r e a  (D]_) t o  a  s i g n i f i c a n t l y  g r e a t e r  
e x t e n t  t h a n  d i d  e i t h e r  C. r e g a l i s  o r  M ic ro p o g o n .  M ic ro p o g o n ,  
p r e f e r r e d  t h e  d e e p  b e n t h i c  a r e a  (D3 ) t o  a  s i g n i f i c a n t l y  g r e a t e r  
d e g r e e  t h a n  d i d  B a i r d i e l l a . C y n o s c io n  r e g a l i s  an d  B a i r d i e l l a  
p r e f e r r e d  t h e  m id w a te r  d e p t h  (D5 ) s i g n i f i c a n t l y  more t h a n  d id  
M ic ro p o g o n . C y n o s c io n  n e b u lo s u s  an d  B a i r d i e l l a  p r e f e r r e d  t h e  
s h a l l o w e s t  d e p t h s  o v e r  d e e p  w a t e r  (D g) t o  a  s i g n i f i c a n t l y  g r e a t e r  
d e g r e e  t h a n  d i d  e i t h e r  M e n t i c i r r h u s  o r  M ic ro p o g o n .
I t  may be  a r g u e d  t h a t  t h e  f i s h  w ere  h u n g r y  d u r i n g  a l l  e x p e r i ­
m en ts  and  e x h i b i t e d  d i v e r s i v e  b e h a v i o r .  T h is  h a s  n o t  b e e n  shown 
f o r  f i s h ,  b u t  Chapman and  Levy (1 9 5 7 )  fo u n d  t h a t  h u n g r y  r a t s  w e re  
more l i k e l y  t o  l e a v e  a  f a m i l i a r  e n v i r o n m e n t  and  e x p l o r e  a n  a d j a c e n t  
s t r a n g e  one  t h a n  w ere  s a t i a t e d  a n i m a l s .  Even i f  t h i s  w ere  t r u e  
f o r  f i s h ,  i t  seem s f e a s i b l e  t h a t  a f t e r  an  i n i t i a l  e x p l o r a t i o n  
t h e y  w ould sp e n d  more t im e  i n  a n  e n v i r o n m e n t  w here  t h e y  n o r m a l l y  
f e d *  o r  i n  i t s  a b s e n c e  t h e  one m o s t  s i m i l a r  t o  i t  i n  t h e  t e s t  
s i t u a t i o n .  C o n s e q u e n t l y ,  t h e s e  o b s e r v a t i o n s  r e p r e s e n t  a n  a p p r o x i ­
m a t io n  o f  t h e  n a t u r a l  p r e f e r e n c e s  o f  t h e  f i s h  s t u d i e d .
F u t u r e  s t u d i e s  o f  d e p t h  p r e f e r e n c e  s h o u ld  u s e  d e e p e r  t a n k s  
a n d / o r  s m a l l e r  f i s h  s i n c e  t h e  f i s h  i n  t h e s e  e x p e r im e n t s  may h a v e
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b e e n  t o o  l a r g e  f o r  t h e  t a n k s  a n d  t h u s  w ere  i n h i b i t e d  f ro m  e x p r e s s i n g  
t r u e  d e p th  p r e f e r e n c e .  The s e l e c t i o n  o f  t h e  d e e p e s t  l e v e l  by  th e  
m a j o r i t y  o f  t h e  s p e c i e s  t e s t e d  s t r o n g l y  s u g g e s t s  t h i s  c a s e .  A 
d e p t h  p r e f e r e n c e  t a n k  i n  w h ich  a l l  l e v e l s  h a d  c o r n e r s  w ould e l im ­
i n a t e  t h e  a r t i f a c t u a l  l e v e l .
A n c i l l a r y  B e h a v i o r a l  O b s e r v a t i o n s
E x p l o r a t o r y  o r  f o o d  s e a r c h i n g  b e h a v i o r  was shown by M e n t i c i r r h u s , 
L e io s to m u s  and  B a i r d i e l l a . M e n t i c i r r h u s  and  L e io s to m u s  o f t e n  
tTp o k e d n i n  t h e  mud a s  i f  f e e d i n g  d u r i n g  s u b s t r a t e  t e s t s .  B a i r d i e l l a  
e x h i b i t e d  s i m i l a r  b e h a v i o r  by  bum ping t h e  b o t to m  d u r i n g  c o l o r  t e s t s .
Some i n d i v i d u a l s  o f  a l l  s p e c i e s  a p p e a r e d  t o  p r e f e r  t h e  c o r n e r s  
o f  t h e  s u b s t r a t e  o r  c o l o r  t a n k s  an d  t h e  30 mm M icro p o g o n  o f t e n  
wedged t h e i r  b o d ie s  i n  t h e  c r a c k  b e tw e e n  t h e  p l e x i g l a s s  and  t h e  
s i d e  o f  t h e  d e p t h  t a n k .
M e n t i c i r r h u s  t e n d e d  t o  swim a l o n g  t h e  b l a c k  b o r d e r s  b e tw e e n  
z o n e s  i n  t h e  d e p th  t a n k s  r a t h e r  t h a n  a g a i n s t  t h e  w h i t e  b a c k g ro u n d  
d u r i n g  t h e  d a y t im e  p e r i o d s . T h is  was p r o b a b l y  an  a t t e m p t  a t  
c r y p s i s ,  i n  t h a t  M e n t i c i r r h u s  w ere  o b s e rv e d  t o  d a r k e n  t h e i r  c o l o r  
r a p i d l y  when t r a n s f e r e d  f ro m  a  t a n k  w i th  a  l i g h t  c o l o r e d  s u b s t r a t e  
i n t o  one  w i th  a  d a r k e r  s u b s t r a t e .
A l l  s p e c i e s  t e s t e d  h a d  no d i f f e r e n c e  i n  d a y - n i g h t  a c t i v i t y  
( i e .  s p e c i e s  x v a r i a b l e  x t im e  o f  d a y ) ,  t h e i r  a c t i v i t y  p a t t e r n  
may be  random  i n  a  24 h o u r  p e r i o d . O th e r  s p e c i e s  o f  f i s h  show 
w e l l  d e f i n e d  p e r i o d s  o f  i n a c t i v i t y ,  w h ich  a r e  u s u a l l y  e i t h e r  
p r e d o m in e n t l y  d i u r n a l  o r  n o c t u r n a l  (Edmundson e t  a l ,  1 9 6 8 ; C a r l i n e  
and  H a l l ,  1 9 7 3 ;  H obson , 1 9 6 5 ;  1 9 7 2 ;  1 9 7 3 ) .
A bsence  o f  c o l o r  p r e f e r e n c e  a t  t h e  0 .0 5  l e v e l  o f  s i g n i f i c a n c e
c a n  n o t  be i n t e r p r e t e d  a s  a n  a b s e n c e  o f  c o l o r  v i s i o n  f o r  t h e s e  
s p e c i e s .  C o lo r  v i s i o n  may e x i s t  f o r  t h e s e  s p e c i e s  and  t h e r e  may 
be  c o l o r  p r e f e r e n c e  d i f f e r e n c e s  b e tw e e n  v a r i o u s  s i z e s  o f  f i s h .
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(Salm o g a i r d n e r i ) e x p o s e d  t o  b l a c k  an d  w h i t e  b a c k g r o u n d s .
J .  F i s h .  R e s .  B oard  C an. 3 0 :  1 8 7 5 -1 8 8 0 .
R o b in s ,  C .R . and  D .C . Tabb. 1 9 6 5 .  B i o l o g i c a l  and  ta x o n o m ic  n o t e s  
on t h e  b l u e  c r o a k e r ,  B a i r d i e l l a  b a t a b a n a .  B u l l .  M ar. S c i .
1 5 :  4 9 5 -5 1 1 .
R o e l o f s ,  E.W. 1 9 5 4 .  Food s t u d i e s  o f  young  s c i a e n i d  f i s h e s
M icro p o g o n  and  L e io s to m u s  f ro m  N o r th  C a r o l i n a .  C o p e ia  1 9 5 4 :  
1 5 1 -1 5 3 .
S a l e ,  P .F .  1 9 6 8 .  An e x p e r i m e n t a l  s t u d y  o f  h a b i t a t  s e l e c t i o n  i n  
t h e  j u v e n i l e  m a n i n i ,  A c a n th u ru s  t r i o s t e g u s  s a n d v i c e n s i s . 
u n p u b .  P h .D . U n iv .  H a w a i i .  1 2 5p .
___________ . 1 9 6 9 .  A s u g g e s t e d  m echan ism  f o r  h a b i t a t  s e l e c t i o n
by j u v e n i l e  m a n i n i ,  A c a n th u ru s  t r i o s t e g u s  s a n d v i c e n s i s .
B eh av . 3 5 :  2 7 - 4 4 .
___________ . 1 9 7 1 .  A p p a r e n t  e f f e c t  o f  p r i o r  e x p e r i e n c e  on a  h a b i t a t
p r e f e r e n c e  e x h i b i t e d  b y  t h e  r e e f  f i s h ,  D a s c y l l u s  a r u a n u s  
( P i s c e s :  P o m a c e n t r i d a e ) .  Anim. B e h a v .  1 9 :  2 5 1 -2 5 6 .
S o k a l ,  R .R . and  F . J .  R o h l f . 1 9 6 9 .  B io m e t r y :  t h e  p r i n c i p l e s  and
p r a c t i c e s  o f  s t a t i s t i c s  i n  b i o l o g i c a l  r e s e a r c h .  W.H. F reem an 
and  Co'. San  F r a n c i s c o ,  C a l i f .  776p .
S p r i n g e r ,  V.G. and  K.D. W oodburn. 1 9 6 0 .  An e c o l o g i c a l  s t u d y  o f  
t h e  f i s h e s  o f  t h e  Tampa Bay a r e a .  F l a .  B oard  o f  C onsv .
P r o f .  P ap . S e r i e s  1 :  1 - 1 0 4 .
S u t t k u s , R .D . 1 9 5 5 .  S e a s o n a l  m ovem ents and  g ro w th  o f  A t l a n t i c
c r o a k e r ,  M icro p o g o n  u n d u l a t u s , a l o n g  t h e  e a s t  L o u i s i a n a  
c o a s t*  P r o c .  G u lf  and  C a r i b .  F i s h .  I n s t .  7 th  a n n .  s e s s .
Nov* 1 9 5 4 :  1 5 1 -1 5 8 .
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T a b b , D .C . 1 9 6 1 .  A c o n t r i b u t i o n  t o  t h e  b i o l o g y  o f  t h e  s p o t t e d  
s e a t r o u t ,  C y n o s c io n  n e b u lo s u s  ( C u v i e r ) ,  o f  e a s t - c e n t r a l  
F l o r i d a .  F l a .  B oard  C onsv . T ech . S e r i e s  # 3 .  2 3 p .
Thomas, D .L . 1 9 7 1 .  The e a r l y  l i f e  h i s t o r y  a n d  e c o l o g y  o f  s i x  
s p e c i e s  o f  drum ( s c i a e n i d a e )  i n  t h e  lo w e r  D e la w a re  R i v e r ,  
a  b r a c k i s h  t i d a l  e s t u a r y .  I c h . A s s .  B u l l .  # 3 .  2 4 7 p .
Tow nsend, B .C . 1 9 5 6 .  A s t u d y  o f  t h e  s p o t ,  L e io s to m u s
x a n th u r u s  L a c e p e d e ,  i n  A l l i g a t o r  H a r b o r ,  F l o r i d a ,  u n p u b .  
M .S. O c e a n g r .  I n s t .  F l a .  S t a t e  U n iv .  43p*
W e ik e r ,  S .C .  1 9 6 3 .  The r o l e  o f  e a r l y  e x p e r i e n c e  i n  h a b i t a t
s e l e c t i o n  by  t h e  p r a i r i e  d e e rm o u s e ,  Perom yscus  m a n i c u l a t u s  
b a i r d i .  E c o l .  M ongr. 3 3 :  3 0 7 -3 2 5 .
W e lsh ,  W.W. a n d  C.M. B r e d e r  J r .  1 9 2 3 .  C o n t r i b u t i o n s  t o  t h e  l i f e  
h i s t o r i e s  o f  s c i a e n i d a e  o f  t h e  e a s t e r n  U .S .  c o a s t .  B u l l .  
U .S .  B u r .  o f  F i s h .  3 9 :  1 4 1 - 2 0 1 .
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VITA
A r t h u r  C a r t e r  Cooke
Born  i n  R ichm ond, V i r g i n i a ,  J u n e  3 0 ,  1 9 4 7 .  G ra d u a te d  f ro m  
Jam es B l a i r  H igh  S c h o o l  i n  W i l l i a m s b u r g ,  V i r g i n i a ,  J u n e ,  1 9 6 5 ,
B . A . ,  U n i v e r s i t y  o f  V i r g i n i a ,  1 9 6 9 .  E n te r e d  t h e  C o l l e g e  o f  
W i l l i a m  and M ary , D e p a r tm e n t  o f  M arin e  S c i e n c e ,  S e p te m b e r  1 9 6 9 .  
S e rv e d  two y e a r s  i n  U. S . Army i n  G erm any, J u n e ,  1 9 7 0 - - J u n e ,  1 9 7 2 ,  
r e - a d m i t t e d  t o  C o l l e g e  o f  W i l l i a m  and  M ary , S e p te m b e r ,  1 9 7 2 . 
M a r r ie d  P a t t i e  G ordon P a v l a n s k y ,  S e p te m b e r ,  1 9 7 2 .
